Abstract Most ontologies are being developed in an engineering-oriented method: a small group of engineers carefully builds and maintains a presentation of their view of the world. Certainly, there are several tools oriented towards collaborative work: a consensus-building mechanism that allows a large group of people to contribute or annotate a common ontology in a collaborative way to reach consensus among individuals. However, the previous approaches have not yet exploited the most important problem in consensusbased collaboration, when can we get a consensus? The main goal of this research is to investigate an effective methodology for collaborative ontology building in which we apply consensus quality and susceptible to consensus to reach to the final version of the collaborative ontology building.
Introduction
Human collaboration is an effort among a group of people contributing to a common goal. It can be used as the infrastructure for facilitating the creation of a common and shared understanding. Ontologies can be developed to improve the quantity and quality of communication among participants, who can then benefit from the skills and knowledge of others. Thus, it is very important and necessary for investigating and developing principle approaches and flexible tools to allow individuals to collaboratively build, refine, and integrate existing ontologies.
Most ontologies are being developed in an engineeringoriented method: a small group of engineers carefully builds and maintains a presentation of their view of the world. Maintaining such large ontologies in an engineering-oriented way is a highly complex process: developers need to regularly merge and reconcile their modifications to ensure that the ontology captures a consistent and unified view of the domain. However, conflict can lead to errors in complex ways. These errors may manifest themselves both as structural (i.e., syntactic) mismatches between developers' ontological descriptions, and as unintended logical consequences. Therefore, the tools are unsuitable for ontology construction by large groups of non-experts over the web. In other words, the previous approaches have not yet exploited the most important problem in consensus-based collaboration, which is when we can get a consensus. The main goal of this research is to investigate an effective methodology, which is using the consensus quality to not only ease the collaborative ontology building process by reducing the workload of ontology data integration but also increase the accuracy of the final version of the ontology that is based on a large number of contributors with or without domain experts.
Related works
According to our study, there are several tools oriented towards collaborative work [7, 8, 13, 14, 16] : a consensusbuilding mechanism that allows a large group of people to contribute or annotate a common ontology in a collaborative way to reach consensus among individuals. One instance of these tools is Protégé 1 which is established by Stanford University for knowledge acquisition. It provides a graphical and interactive ontology design and knowledge-based development environment. Ontology developers can access relevant information quickly, and navigate and manipulate the ontology. One of the advantages of Protégé is an open, modular design. Tudorache et al. [16] have developed Collaborative Protégé as an extension to the client-server Protégé. Collaborative Protégé allows entire groups of developers who are building an ontology collaboratively to hold discussions, chat, make annotations and make changes as a part of the ontology-development process. One of the advantages of Collaborative Protégé is the ability to create annotations. OntoWiki [2] is a web-based ontology which focuses on an instance editor that provides only rudimentary capabilities as the history of changes and ratings of ontology components. OntoWiki provides different views on instance data (e.g., a map view for geographical data or a calendar view for data containing dates). OntoEdit [15] is a collaborative ontology (CoO) editing environment that integrates numerous aspects of ontology engineering and allows multiple users to develop ontologies in three phases: a requirements specification, refinement, and evaluation/maintenance. KAON [5] focuses on changes of ontology that can cause inconsistencies, a proposed deriving evolution strategy to maintain consistencies. However, the collaborative version of aforementioned approaches may not reach to the consensus among participants since it just accepts the latest modification from any participant on collaborative process. Here, we consider a collaborative ontology building process which allows an entire group to be heard and to participate in the process of ontology building by reaching a consensus and usually aiming at completeness. The goal of collaborative process is to find a common ground and examine these issues in ontology building until mutual agreement between group members has been reached. We agree with previous works [3, 4, 7, 8, 10] , there are four phases of the collaborative approach to design ontology including: (1) the preparatory phase defines the criteria, specifies boundary conditions for the ontology, and determines standards for assessing its success; (2) the anchoring phase includes the development of an initial version of the ontology which will feed the next phase (evaluation phase) while being aware and complying with the design criteria; (3) the iterative improvement phase enhances ontology until all participants' points of view reach a consensus through a collaborative building technique. In this phase, the ontology structure will be revised and evolved by collaboration of participants. At each iterative improvement, the ontology is evaluated by aforementioned standards and conditions; (4) the application phase demonstrates the use of collaborative ontology by applying it in various ways. However, the previous approaches have not yet exploited the most important problem in consensus-based collaboration, when can we get a consensus? The main goal of this research is to investigate an effective methodology for collaborative ontology building in which we apply consensus quality and susceptible to consensus by Nguyen et al. [9] to reach to the final version of the collaborative ontology building.
3 Collaborative algorithm using consensus quality
Consensus-based collaboration overview
The Nominal Group Technique (NGT) [6] is well known as a method for decision making. It has been used to get the final result among a group whether large or small while considering all opinions and votes from group members. NGT takes into account the participants who join the discussion to choose the result. It is successful when everybody participates and understands the manners, and represents the solution or opinions by themselves without affecting the surroundings around them. NGT is a process where everyone is clearly involved and knows everything while getting the solution without missing anyone in the discussion.
One of the popular consensus-building techniques is the Delphi method [12] . This method is used for normal discussion that does not need complex communication between experts such as meeting face-to-face or having a meeting to talk at a table. It is because this method can be implemented using technology such as email or any other electronic technologies for communication where each question can be sent directly to every group expert. Even though there is a complex problem that needs to be solved, this method can be used to find the solution by sending a series of questionnaires via multiple iterations and getting a solution (data) from experts. The Delphi method is commonly used in education, to estimate forecasts and other fields. The Delphi technique can be done in four steps:
1. The moderator forms a group of experts that participates in the process to solve the problem. However, all of the experts are unidentified. 2. A person will send a questionnaire to the participants via mail or email. 3. Once the person gets the return answer from a participant, the person will analyze the results.
4. At the last step, if there is no consensus reached, a combination of previous questionnaires and results will be used as a new version of the questionnaire, and the moderator will send this new version again to a participant.
Step 2 is repeated until consensus is reached, or the moderator ends the process and makes a final report.
There are some different factors between these two aforementioned methods. As we already know the Delphi method is commonly used without experts needing to meet each other. In Nominal, all participants or experts need to be in one place and doing the process together. The main point of Nominal is all participants are required to meet face-to-face to reach the solution. What they believe in Nominal is, every idea or opinion is strongly agreed upon if experts or participants present their ideas formally and seriously in front of other experts. It means that in Nominal, consensus can be reach if there is real discussion. In contrast to the Delphi methods, they believe that without meeting each other and with believing the anonymous expert, the consensus result is more accurate. It is because without affecting other experts, an individual expert can find the ideas and solution based on expert knowledge, so consensus results are more reliable based on individual expertise.
Consensus quality
To solve conflicts between participants, a method following [9] has been introduced. Each participant in a collaborative group gives his or her knowledge x to a profile X , which is a set of knowledge that is collected by n participants.
where x i is an annotation of a participant i for the object h which is the set of senses and relations of one word or phrase in Ontology-based Vietnamese WordNet. For conflicting profiles and their consensuses, a measurement has been used to evaluate these consensuses which follow [9] :
whered (x, X ) is the quality of consensus x in profile X d(x, X ) is the sum of all different distances between an element x to the universe. card(X ) is the number of participants in X . For a given distance space(U, d), we define some parameters following [9] :
where d t_mean (X ) is the total average distance of all distances in profile X . d x (X ) represents the average distance of all distances between object x and the elements of profile X . d x (X ) represents the average distance of all distances between object x and the elements of profile
Next, to calculate the distance between two elements of a profile X , cosine distance has been used as a measure. Hence, it is required to convert these elements into vectors before applying cosine distance function below:
where d x i , x j is a distance between element x i and x j (which x i , x j ∈ X ), A, B are vectors of element x i and x j , respectively. A k , B k are respective components of vector A and B. cos (θ ) represents the similarity of vector A and B.
Example Let X be a profile where X = {2 * ab}; there are two votes for a and one vote for b. The above-defined values are calculated as follows:
To reach an optimal profile, the inequality which follows [9] has been used. The susceptible to consensus of profile X is satisfied if and only if the following inequality takes place
X is susceptible to consensus (it is possible to determine a good consensus for X ) if the second value is not greater than the first. Satisfying the above inequality means that the elements of profile X are dense enough for determining a good consensus. In other words, opinions represented by these elements are consistent enough for determining a good compromise. Fig. 1 Collaborative algorithm using consensus quality
Collaborative algorithm using consensus quality
The algorithm using consensus quality is expressed in Fig. 1 :
, we present features of a method for collaborative ontology building: Phase 1 Preparatory: instead of using questionnaires in Delphi we provide criteria for ontology building [3] . Phase 2 Contribution: the changeable ontology is cloned from the original one. Participants can modify their own versions without changing the original version.
Phase 3 Consensus improvement: the annotation versions of an object are independently created/modified by a number of participants. In addition the Susceptible to Consensus of this object is calculated using Eqs. (2), (3) and (4) . If the result satisfies the inequality (7) and the number of annotators is greater than 1, the process moves to Phase 4. Otherwise, the group keeps modifying this object until the inequality (7) occurs.
Phase 4 Controlled feedback: in this phase, the quality of consensus is calculated using Eq. (1) . If consensus quality is unchanged or slightly changed, a reconciled ontology that is constructed from the integration of the generated versions will be used as a new version of the ontology. Next, this consensus version will be shared to the group and the process moves back to Phase 3. The algorithm will stop until there is no improvement that needs to be done.
Example Assume that there is a laptop which comprises four components such as CPU Memory (RAM) Hard Disk and a model name. To identify the details of this laptop we apply the algorithm as follows:
Step 1: Inviting participant to annotate the object. At the beginning there is only one participant for annotation and the result is collected as shown in Table 1 .
Step 2: Calculating all possible cosine distances between two different points (participants).
At the moment there is only one point (participant) hence this step is not applicable. Step 3: Calculating the total average distance in this profile which is d t_mean (X ).
In (2) d t_mean (X ) = 0 (as we only have one participant)
Step 4: Calculating the minimum distance of this profile.
In (3) and (4), we have d min (X ) = 0
Step 5: Calculating the quality of consensus if the inequality of susceptible to consensus (7) occurs.
According to steps 3 and 4, the result satisfies the inequality of susceptible to consensus as dt_ mean (X ) = d min (X ) = 0; however, the number of participants is not greater than 1.
Therefore, next, we need to increase the number of participants to 2, which let one more person to annotate the laptop, and go back to step 1, the result is as shown in Table 2 :
To convert participants' ideas into vectors, all of the terms are counted as shown in Table 3 :
As a result of Table 3 , we have 2 vectors for 2 participants:
Step 3: Calculating the total average distance in this profile which is d t_mean (X )
In (3) and (4), we have
Step 5: Calculating the quality of consensus if the inequality of susceptible to consensus occurs:
According to steps 3 and 4, the result does not satisfy the inequality of susceptible to consensus (7) as d t_mean (X ) < d min (X ) (due to 016 < 025).
Therefore, we have to invite one more person to annotate this laptop to reach the consensus back to step 1 (see Table  4 ):
In (6),
Step 3: Calculating the total average distance in this profile which is d t_mean (X ).
In (2),
Step 4: Calculating the minimum distance of this profile. In (3),
Then following (4), we have d min (X ) = 0.417.
Step 5: Calculating the quality of consensus if the inequality of susceptible to consensus occurs. According to step 3 and 4, the result does not satisfy the inequality of susceptible to consensus as d t_mean (X ) < d min (X ) (due to 0375 < 0417).
Thus, we increase the number of participants to 4 and back to step 1 again (see Table 5 ).
Then following (4), we have d min (X ) = 0.4375.
Step 5: Calculating the quality of consensus if the inequality of susceptible to consensus occurs.
To be consistent with steps 3 and 4, the result does not satisfy the inequality of susceptible to consensus (7) as d t_mean (X ) < d min (X ) (due to 04 < 04375).
As a result, we invite one more participant to annotate this laptop and back to step 1 (see Table 6 ).
Step 2: Calculating all possible distances between two different points (participants).
In (6) ,
Step 4: Calculating the minimum distance of this profile. In (3), 
Then following (4) we have d min (X ) = 0.4.
To be compatible with steps 3 and 4, the result satisfies the inequality of susceptible to consensus (7) as d t_mean (X ) > d min (X ) (due to 0417 > 04).
Finally, this consensus is shared to everyone who has annotated the laptop. The quality of consensus of the first round is computed as below:
In (1),
= 1 − 0.65 + 0.5 + 0.5 + 0.4 + 0.5625 5 = 0.4775.
Experiment

Vietnamese WordNet
Our proposed approach is assessed by applying for collaborative Vietnamese WordNet building. The structure and relations of Vietnamese WordNet (VW) are initially derived from the English WordNet [1] . VW classifies most of words in Vietnamese language into four main types including Noun-Verb-Adjective and Adverb. These words are put into different type of synsets which stands for synonym sets and interconnected by a number of various relationships. Regarding the structure, VW has three main classes consisting of Synset, Word and WordSense. Synset and WordSense have subclasses based on the distinction of lexical groups. Synset has four subclasses containing NounSynset, VerbSynset, AdjectiveSynset, and AdverbSynsey. WordSense has four subclasses including NounWordSense, VerbWordSense, AdjectiveWordSense, and AdverbWordSense. Word has a subclass Collocation which is used to store words or phrases in Vietnamese. The class hierarchy of VW is inherited from WordNet [4] and the properties and its significance are shown in Table 7 . Fig. 2 Sample XML dictionary data <?xml version="1.0"encoding="UTF-8" standalone="yes"?> <dictionary> <word> <name>a</name> <type>dt.</type> <definition>T th nh t trong b n ch cái. m ng.</definition> </word> </dictionary> Fig. 3 The Vietnamese WordNet's class hierarchy
Demonstration
Creating Vietnamese WordNet Ontology.
To initialize the first version of VW, there are three steps that need to be done as follows:
Step 1-Extracting raw data and converting it to semistructure data.
We used , which is according to Vietnamese-Vietnamese dictionary, and extracted all of the words inside the dictionary to an XML formatted file. Basically, there are three details of a word which are extracted such as name, type and definition. The format of this XML looks like the following (see Fig. 2 
):
Step 2-Cleansing the extracted data.
A cleansing process is performed before adding all of the words in XML file to the ontology as it is not always certain that the extracted data are correct. To be more detailed, sometimes a word name could not be retrieved accurately and a blank or a symbol is returned instead. Therefore, these incorrect words are removed or ignored
Step 3-Matching words with ontology classes and adding them to VW. This step is to define which types of words match with the classes in Vietnamese Ontology. In the initializing version, the VW is built in a simple way where we only select 4 types of word to be added up to its respective classes:
(Noun) will be individualized in (Verb) will be individualized in (Adverb) will be individualized in , and (Adjective) will be individualized in . Other types of word will be individualized in 'OWL:Thing', which includes . After that the XML file is parsed and the result is added to the Vietnamese WordNet.
The final result-the first Vietnamese Ontology Finally, the Vietnamese Wordnet Ontology is initialized with 29240 individuals, which class has 12679 individuals, class has 2863 individuals, class has 4030 individuals, and class has 0 individuals. Other individuals are not classified and by default, they are individuals of 'OWL:Thing' class. Fig. 3 illustrates the initialized version of VW.
However, this version of VW only contains words along with their definitions and there is no connection/or relation- Fig. 8 An example of 'Other User Versions' feature/tab (2) ship between words. As a result, to completely build the ontology, lots of collaborative work need to be done.
Collaborative Vietnamese WordNet Building
To improve this VW, we build a web-based application, called Ontology Wiki (OntWiki), to upload and display all details of VW, by which users are able to view the class hierarchy, object properties hierarchy, data properties hierarchy, annotation properties hierarchy and individual listed by class. In addition, the OntWiki also allows users to view multiple versions of an individual. There are four types of version such as 'Original Version' which shows the original version of an individual in the OWL file. 'User Version' is the user's opinions of an individual, user can use this feature to submit their point of view. 'Others Users Versions' are the versions of multiple users who have given their ideas on the same individual, and finally, 'Collaborative Version' automatically integrates all versions of all users to create a collaborative version, which makes use of our proposed collaborative algorithm using consensus quality. In this experiment, we select 500 individuals of and share them with thirty participants (collaborative group).
First of all, an administrator of OntWiki created thirty accounts and gave to this collaborative group. The administrator is the only one who is able to modify the structure of VW, as well as the original version of individuals (see Fig. 4 ). Normal users can only perform personal idea submissions of individuals, which they can only modify their versions, but not original version and other users' versions.
Next, to use OntWiki, participants need to login, then select VW, which is already uploaded by an administrator, select class in individual page, and choose a provided list of individuals and start working on it. To ease up the initialization stage of user version, OntWiki provides a 'clone' feature that allows users to reuse or copy the original version, collaborative version, or other user version to their own (see Figs. 5, 6 ). There are eight characteristics of an individual that user can modify in their own version, which includes 'Annotations', 'Types', 'Same Individual As', 'Different Individuals', 'Object Property Assertions', 'Data Property Assertions', 'Negative Object Property Assertions' and 'Negative Data Property Assertions'.
After a period of time, the final results will be collected and administrators will start to upgrade all of shared individuals using the collaborative versions. By this way, the results are always transparent between users (see Figs. 7, 8) ; therefore, the effectiveness goes up very much, time consuming is reduced due to no meeting conduction, and the effort given is not high and also has high-quality output.
Conclusion
In this work, an effective methodology for collaborative ontology building is improved from [3, 7, 8] using quality of consensus [9] to reach consensus among participants in col-laborative group. A susceptible to consensus is to answer that when we can have a consensus and the quality of consensus is to determine if the final version of the collaborative ontology has been reached or not. We applied the proposed method for Vietnamese WordNet building. In future work, we will combine trust-based consensus [4] and quality of consensus to solve leading problem in collaboration.
